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Introduction
Aminesareubiquitousinnatureandrepresentfundamentalbuildingblocksin
organicsynthesis.Enantiomericallyenrichedallylaminesareparticularlyuseful
intermediatesfortargetdirectsynthesis,andhavecommonlybeenpreparedfrom
aminoacidsandrelatedchiralpoolderivatives.Themetal-catalyzedallylic
aminationreactionprovidesamethodforpreparingchiralnon-racemic
allylamines;however,thereiscurrentlynodirectmethodforthesynthesisof
primaryallylamines.Thespecificgoalofthefollowingresearchisthe
developmentofaregio-andenantiospecificrhodium-catalyzedallylicamination
foradirectconstructionfprimaryallylamines.
BackgroundInformation
(i)AllylicAlkylation
Historically,themetal-catalyzedallylicalkylationreactionshavebeencatalyzed
bypalladiumcomplexes.!However,theproblemwiththisapproachisthathe
nucleophilegenerallyattacksattheleaststericallyhinderedsiteofthe7r-allyl
intermediateinanunsymmetricalallylfragment.2Thisleadstoregioselectivity
problemsmakingitdifficultoformchiralnon-racemicproducts(Schemel).
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Inordertocircumventregioselectivityproblems,allylicalcoholsthatleadto
symmetrical7 "-allylintermediateshavebeenutilized(Scheme2).3Thoughthisis
anicesolutiontotheproblemsofcontrollingregioselectivity,hesyntheticutility
ofthismethodisgreatlydiminisheduetothenecessitytoincorporatesymmetry
intarget-directedsyntheticapplications.
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Manyothermetals,includingrhodium,wereexaminedascatalystsinallylic
substitution.4Interestingly,rhodiumgavegreatlyimprovedregioselectivityna
widearrayofsubstrates.In 1984,Tsujireportedthatsecondaryallylicalcohol
derivativesleadtothebranchedalkylationproductsusingarhodiumcomplex.
Thisdemonstratedthatrhodiumcanavoidtheregioselectivityssuesoftheallylic
alkylation.EvansandNelsonthendemonstratedthatrhodiumcatalyzedallylic
alkylationsarealsostereospecific.
(il)AllylicAmination
Oneofthemostcommonmethodsforsynthesizingamines,specificallyprimary
amines,isalkylation.5Inordertoobtainaprimaryamine,ammoniaisutilized
alongwithareducingagent;however,amajordrawbacktousingammoniais
multi-alkylation.
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Ithasalsobeenshownthatpalladiumcatalystscanbeusedtoproduceallylic
aminestereoselectively.In 1990,Hayashipublishedaregio-andstereoselective
reactionusingachiralpalladiumcatalystwithbutenylacetatesthatresultedinan
allylicamine(Scheme3).6
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Scheme3
In 1999,Evans'groupdevelopedarhodiumcatalyzedreactionthatresultsinthe
synthesisofasecondaryN-tosylbenzylamineinanenantiospecificand
regioselectivemanner.7Inordertoachieveoptimumregioselectivitynthe
amination,theyfoundthatWilkinson'scatalystmodifiedwithtriorganophosphites
andlithiumcounterionofthenuc1eophilewasutilizedinordertosoftenthe
nuc1eophile.Hence,enantiomericallyenrichedallyliccarbonatesundergo
aminationwithretentioni absoluteconfiguration(Scheme4). Oneofthe
disadvantagesofthisapproachiswiththedeprotectionftheamine.8Depending
onthenatureofthecompound,theestablisheddeprotectionconditionsareoften
tooharsh.
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In 1935,Krohnkediscoveredthatstablecrystallinepyridiniumylidescouldbe
formedandthatheyundergoarangeofnucleophilicreactions.9Hisgroup
producedmanynitrogenylidesoverapproximatelythirtyyearsandobservedthe
pyridineylidestobethemoststable,andthereforeof syntheticnterest.Thefirst
pyridiniumylidesynthesizedinvolvedthetreatmentofN-phenacylpyridinium
bromide,13,withpotassiumcarbonateinordertoafford14(Scheme5).
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In 1982,KnauspublishedthesynthesisofagroupofN-[Phenylcarbonyl)imino]
pyridiniumylides,17,(Scheme6).10Itwasbelievedthatheseaminopyridinium
ylidesshouldreactinasimilarmannertothecarbonversionreportedbyKrohnke
(Scheme6). We envisionedthat,17,wouldserveasaneffectivenucleophilein
theallylicalkylationdevelopedbytheEvans'Group.
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ResultsandDiscussion
Preliminarystudiesinvolving17undertherhodiumreactionconditions
demonstratedthatheylidewascompletelyunreactive.Weenvisionedtheylide
oftheaminopyridiniumiodide,15,wouldbemorenucleophilicandlesssterically
hindered.Whenaminopyridiniumiodide,15,wassubjectedtotheallylic
aminationtheresultingthesecondaryaminationproduct,azanide20,was
obtainedasacrystallineintermediatewithexcellentregioselectivity(bylH-
NMR) (Scheme7).
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Optimizationofthereactionconditionsdemonstratedthekeytothereactionis
havingtwoequivalentsofbaseandapolarsolvent(Table1).
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Table1:Surveyofsolventandbaseintherhodiumcatalyzedallylicamination.
EntryO Solvent Equiv.Baseb Yield(%f
. .n . . . ... ......-.-.....-.-........-.-.....--......--...--.-.--...-.---.---
1 THF 1 0
2 THF 2 0
3 THF/MeCN 1 70-90
4 THF/MeCN 2 0
"Reactionswerecarriedoutona0.25mmolreactionscaleusing10mol%Wilkinson'sCatalyst
[Rh(PPh3)3CI]modifiedwith40mol%P(OMe)3inTHF/MeCNwith2eq.ofaminopyridinium
iodideand4eq.LHMDS,at0°c toRT for12hours.bLHMDS.CIsolatedYields."Noproduct
wasformedwhenreactionwassubmittedtoreactionconditionscontainingnocatalyst.
Severaldifferentallyliccarbonateswereexaminedinthereactiontodetermine
thesubstratescope(Table2). Completeconversionoftheallyliccarbonatewas
observedinallcases,viacrudeNMR, andisolatedyieldswereapproximately70-
90%.
"All reactionswerecarriedoutona0.75mmolreactionscaleusing10mol%Wilkinson'scatalyst
[Rh(PPh3)3CI]and40mol%P(OMehinTHF/MeCNwith2eq.ofaminopyridiniumiodideand
4eqLHMDS,atO°CtoRT for12hours.~egioselectivitywasdeterminedbycrudeIHNMR.
CIsolatedYields.
Havingestablishedtheutilityofthisnuc1eophileconditionsweresoughttoreveal
theamine.Preliminaryresultsdemonstratedthathetreatmentof20fwithSmI2
furnishedtheamine,23,in35%yield(Scheme8). Extendedreactiontimealso
didnotimprovetheyield.A possibleproblemisthatheSmhisquenchedinthe
presenceofanyair.Therefore,thereactioncouldnotbemonitoredviathinlayer
chromatographywithoutaddingmore5mb TheSmhprocedurefolloweduseda
Table2:Resultsoftherhodiumcatalyzedallylicamination
Entry AllyliccarbonateR=o 2°:1Ob Yield (%)C
a Me >19:1 68
b npr >19:1 72
c ipr >19:1 90
d Ph >19:1 89
e Cy >19:1 71
f Ph(CH2)z >19:1 92
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verydiluteconcentration(O.04M);however,usingahigherconcentration,as
manyproceduresdo,mayhelpfacilitatethebondcleavage.II,IZ,13
FutureWork
Additionaleffortswill nowconcentrateontheoptimizationofthedeprotectionto
affordthefreeamine.Thefirstapproachwill betoincreasetheconcentrationf
theSmIzsolution.Anotherviableoptionistoacylatethenitrogenwith
trifluoroacetica idanhydride(TFAA), thencleavewithSmlzinaonepot
synthesis.13FriestademonstratedthataTFA groupshouldfacilitatethecleavage
oftheN-N bondofhydrazines.Thishypothesiscamefromachelationmodelthat
wasproposedbyFlowersthatB-substituentscouldfacilitateSmIzreduction
reactions.14
Theallylicaminationreactionwill alsobeconductedonachiralnon-racemic
carbonateoshowenantiospecificity.Anotherpossibilityistodemonstratethe
enantioselectivevariantusingacruraliridiumcatalyst.ls
0
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This reactionwill alsobeexpandedtoencompassavarietyofotherylides,which
will likelyincludephosphorus,sulfurandcarbonylides.Onesuchylidewas
reportedin 1991byH.J. Cristau,thesynthesisof
N-(triphenylphosphoranylidene)carbamatewaspreparedbydirectacylationusing
N-lithiatedtriphenylphosphineimide.16Theprecursortothelithiated
triphenylphosphineimideisaminotriphenylphosphoniumbro ide,26,whichwas
reportedstabletohydrolysisandeasilypreparedin largequantities(Scheme9).
Weanticipatehatwithdeprotonationthetriphenylphosphoniumbromide,26,
will reactwithanallyliccarbonateinasimilarfashionasthepyridiniumiodide
resultinginanallylicamineasshowninScheme10.TheN-P bondshouldbe
easiertocleavethantheN-Nbondofthepyridiniumylide,withthepossibility
thatacidcouldcleavethetriphenylphosphiner sultinginthefreeamine.If the
N-P bondcouldbecleavedusingacid,thisreactionwouldprovideadirect
ammoniaequivalent.
Brz/MeCN
Ph3P 5-10oC,0.5hr .. [Ph3PBrz]
24 thenRT, 3hr 25
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Conclusion
Wehavedevelopedaregioselectiverhodiumcatalyzedallylicaminationusing
aminopyridiniumiodideasanamine quivalent.Thisisthefirstexampleof
usinganylideinallylicalkylationchemistryandopensthedoortoresearchinto
theuseofotherylides.Obtainingylideintermediatesmayalsoprovideusefulin
constructingbicyclesandotherscaffoldsofnaturalproducts.
ExperimentalData
Theallyliccarbonateswerepreparedaccordingtoliteratureprocedures.17,18
AminopyridiniumiodidewasobtainedfromAldrichwithnofurtherpurification.
1Hwasrecordedat400MHzandBCNMR wasrecordedatlOOMHzbothona
VarianInovaspectrometer.NMR solventfor1HNMR wasD20andtheBC
solventwasdeuteratedDMSO. Chemicalshiftswerereportedinpartsper
million,andcouplingconstantswerereportedinHertz.Flashchromatography
purificationwasperformedwith60AsilicagelfromSorbentTechnology.
Reversephaseflashchromatographywasperformedon60A,Cl8 silicagelfrom
SorbentTechnology.All reactionswerecarriedoutunderargonatmosphere
usingflame-driedglassware.
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Furtherpurificationofcompoundsis inprogress.Thiswill includeIR data,High
PressureReversePhaseLiquidChromatography,andalsox-raycrystallography
ofoneoftheazanides,inadditiontoNMRdatafortheremainingazanides
containingnospectraldatabelow.
(l-phenylprop-2-en-l-yl)(pyridinium-l-yl)azanide(20d)(representative
exampleforallylicamination).Trimethylphosphite(12ilL, 0.10mmol)was
addedirectlytoaredsuspensionfWilkinson'scatalyst(23mg,0.025mmol)in
anhydrousTHF (1.0mL),andthemixturewasstirredunderanatmosphereof
argonatroomtemperatureforca.15minutesresultinginalightyellow
homogeneoussolution.Inaseparateflask,lithiumbis(trimethylsilyl)amide(237
ilL, 0.1mmol,1.0M solutioninTHF)wasaddedtoasuspensionof
aminopyridiniumiodide(111mg,0.05mmol)inanhydrousacetonitrile(1.5mL)
atO°Candtheylidewasallowedtoformoverca.15minutesresultingina
heterogeneouspurplesolutionwithawhiteprecipitate.Thecatalystsolutionwas
addedtotheylidesolutionviaTeflon@cannula.Theallyliccarbonate(0.22
mmol)wasthenaddedviaatared500~Lgas-tightsyringetothecatalystlylide
mixture,andthereactionwasallowedtoslowlywarmuptoroomtemperature
overca.12hours.Thereactionmixturewasconcentratedinvacuoandpurified
byreversephaseflashchromatography(elutingwith30%methanol/water)
affordingtheazanideasacolorlessolid(89%):lH NMR (400MHz,DzO)08.62
(d,J=5.7Hz,2H),8.31(t,J=7.7Hz,1H),7.83(t,J=7.1Hz,2H),7.28(s,5H),
6.12-6.03(m,1H),5.18(d,J=5.9Hz, IH), 4.95(d,J=7.4Hz, 1H);l3CNMR
11 47
(l00MHz,DMSO)D145.18(0),136.52(0),129.74(0),129.38(0),128.66(0),
120.79(e),69.87(0).
(1-methylprop-2-en-l-yl)(pyridinium-l-yl)azanide(20a):l3CNMR (l00 MHz,
DMSO) D144.57(0),138.23(0),129.32(0),129.06(0),119.96(e),62.30(0),
19.04(0).
(1-propylprop-2-en-l-yl)(pyridinium-l-yl)azanide(20b):IH NMR (400MHz,
D2O)D8.68(d,J=6.1Hz,2H),8.36(t,J=7.7Hz, IH), 7.93(t,J=7.0Hz,2H),
5.61(dt,J=17.0,9.65Hz, IH), 5.02(d,J=10.2Hz, IH), 4.84(d,J=17.2Hz, IH),
3.81-3.76(m,IH), 1.64-1.45(m,2H),1.38-1.23(m,2H),0.81(t,J=7.3,3H);l3C
NMR (l00MHz,DMSO)D144.43(0),143.72(0),137.01(0),129.31(0),121.31
(e), 105.68(0),66.98(0),34.76(e),19.43(e),14.60(0).
(1-isopropylprop-2-en-l-yl)(pyridinium-l-yl)azanide(20c):IH NMR (400
MHz,D2O)D8.69(d,J=6.4Hz,2H),8.36(t,J=7.8Hz, IH), 7.93(t,J=7.2Hz,
2H),5.68(dt,J=17.0,9.87Hz, IH), 5.05(d,J=10.4Hz, IH), 4.80(d,J=17.2Hz,
IH) 3.54(dd,J= 9.4,6.8Hz, IH), 1.85(sextet,J= 6.8Hz, IH), 0.96(d,J=6.8
Hz,3H),0.88(d,J=6.8Hz,3H).
(1-cyclohexylprop-2-en-l-yl)(pyridinium-l-yl)azanide)(20e):1H NMR (400
MHz,D2O)D8.62(d,J=5.9Hz,2H),8.31(t,J= 15.6,7.8Hz, IH), 7.88(t,
J=14.1,7.0Hz,2H),5.62(dt,J= 18.5,9.2Hz, IH), 5.00(d,J=10.2Hz, IH), 4.73
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(dJ=17.4Hz, IH), 3.51(t,J=16.4,8.2Hz, IH), 1.79(d,J= 12.5Hz, IH), 1.65-
1.51(m,5H),1.17-0.91(m,5H).
[1-(2-phenylethyl)prop-2-en-l-yl)(pyridinium-l-yl)azanide(20t): IH NMR
(400MHz,D2O)88.53(d,J=6.5Hz,2H),8.26(t,J=7.8Hz, IH), 7.82(t,J=6.5
Hz,2H),7.21-7.10(m,5H),5.58(dt,J=16.8,9.6Hz, IH), 5.06(d,J=10.2Hz,
IH), 4.76(d,J=17.2Hz, IH), 3.63-3.61(m,IH), 2.64-2.5(m,2H),1.88-1.77(m,
2H).
Sumarium(II)Iodide:1,2-diiodoethane(2.8g,10mmol)inasolutionofTHF
(250mL)wasaddedropwiseoverca.1hourtosamariumetal(3.0g,20
mmol)underanatmosphereofargonatO°C.Solutionwentfromcloudyorange
toadarkblue-green.Samariumiodidesolution(0.04M) waswarmedtoRT and
storedunderargoninthepresenceofexcessmetal.
5-phenylpent-l-en-3-amine(23):SamariumiodideinTHF (0.04M) wasadded
underanatmosphereofargontoasolutionof20f(45mg,.20mmol)viaa50mL
gas-tightsyringeatroomtemperatureuntilsolutionremainedblue-greeni color
(15eq).Reactionopenedtoairafterca.15hourstoquenchsamariumiodide.
Reactionmixturewasconcentratedinvacuoandpurifiedviaflash
chromatography(elutingwith5%MeOH/CHCh)toaffordawhitesolid.
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